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ASSISTANCE TO OTHER STANDARDS 
LABORATORIES 


al AN increasing extent, the National Bureau of 
Standards is being called on for assistance to other 
standards laboratories that have been set up to cope 
with mounting demands for standards of measurement 
by both industry and military agencies. Opportuni- 
ties to advise in the establishment and operation of 
such laboratories are being welcomed by the Bureau 
as part of its own primary duty to provide basic stand- 
ards to science and industry. 

By absorbing a major part of the testing and cali- 
bration workload, commercial and military standards 
laboratories make possible a more efficient division of 
labor in the many-sided task of assuring accurate and 
uniform measurements throughout the country. Thus, 
the Bureau can concentrate more of its resources on the 
development of new or improved standards, test meth- 
ods, and precision techniques to keep up with the needs 
of advanced technical research, and it can increasingly 
restrict its calibration work to the comparison of mas- 
ter or reference standards of other laboratories with 
the national standards. For their part, the other lab- 
oratories are taking responsibility for completing the 
chain of standardization through one or more echelons 
to the working instruments in laboratory and shop, on 
shipboard and rocket launching pad. 

Though the Bureau must depend on other labora- 
tories to make calibrations at the working levels, it is 
greatly concerned with the over-all activity since the 
sole value of the national standards that it maintains 
lies in their effective practical application. The Bu- 


reau has asked, therefore, that other laboratories feel 
free to call on it for any assistance it can reasonably 
render within the limitations of its staff and facilities. 
Ordinarily no charge will be made for such assistance. 

The following are some guidelines that may be help- 
ful to other laboratories in approaching the Bureau 
for information or assistance. 


Publications 


As a first step, it is recommended that a review be 
made of the circulars and other publications of the 
Bureau that are pertinent; these provide a great deal 
of information on standards and methods in most of 
the important areas of measurement. A list of all Bu- 
reau publications is contained in NBS Circular 460 and 
supplement. Brief comments on some of the publica- 
tions of more general interest follow; a more complete 
list of those likely to interest standards laboratories is 
given at the end of this article. 

A comprehensive summary of types of activity in 
which the Bureau engages is given in Organization and 
Functions of the National Bureau of Standards. This 
is a two-page reprint from the Federal Register and is 
distributed by the Bureau without charge. 

The Test Fee Schedules of the National Bureau of 
Standards list the calibrations that the Bureau makes 
with sufficient frequency to warrant the establishment 
of regular fees. As required by law, these fees are 
published in the Federal Register; reprints, with the 
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latest amendments and revisions, are available from the 
Bureau without charge. The Fee Schedules also in- 
clude information on such matters as the handling and 
shipping of standards. 

Circular 552, Standard Samples,’ is a catalog of ref- 
erence materials issued by the Bureau; for example, 
samples of metals and alloys of certified composition, 
radioactive materials of specified activity, standard 
rubber and rubber compounding materials, and vis- 
cometer calibrating fluids. 

The NBS Annual Report is a source of information 
regarding many current activities. It also includes 
a list of the technical divisions and sections and the 
persons in charge of each. 

No general manual on the establishment of standards 
laboratories has been published by the Bureau, nor has 
it made lists of recommended equipment. Lists of 
equipment have been issued by others and are doubt- 
less very useful under particular circumstances; but 
the requirements of the standards laboratories that 
come to the Bureau for assistance vary so widely that 
it has seemed better to discuss the items on an individ- 
ual basis. 


Visits to NBS 


Although information should first be sought in the 
available publications, supplemented if necessary by 
correspondence, major problems can be dealt with most 
effectively by direct consultation with technical staff 
members in the Bureau’s laboratories at Washington, 


D.C. or at Boulder, Colorado. The Electronic Calibra- 
tion Center at Boulder is responsible for electrical 
measurements at frequencies above 30 ke; and, as a 
matter of convenience, it also makes many low-fre- 
quency measurements. Certain calibrations of large 
mass standards are also made at Boulder. Calibrations 
in all other areas are made at Washington. 

Advance arrangements for visits, though not re- 
quired, will be mutually advantageous. Requests con- 
cerned with calibrations performed at Boulder should 
be addressed to the Director, NBS Boulder Laboratories, 
Boulder, Colorado, and all others to the Associate Di- 
rector for Engineering, National Bureau of Standards, 
Washington 25, D.C. These requests should indicate 
as explicitly as possible the problems to be discussed 
and the preferred date or dates of the visit. The Bureau 
will then confirm the date by letter or telephone as 
desired and will arrange to have consultants available 
in each of the laboratories concerned. 

Visits may last from a few hours to several days or 
even a week, as when a new laboratory covering a num- 
ber of fields is being planned. When a major problem 
is under consideration, experience has shown the de- 
sirability of having several successive visits rather than 
attempting to crowd a large number of details into a 
single visit. 

Experience has also shown that when a laboratory 
director visits the Bureau it is important that he bring 
with him one or two of his scientific staff members who 
will make the actual measurements that are under 
consideration. 


List of NBS Publications of Interest to Standards Laboratories 


When not otherwise indicated, these publications may be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington 25, D. C. Those indicated as avail- 
able from the Bureau are distributed by the Publications Sec- 
tion, Office of Technical Information, National Bureau of 
Standards, Washington 25, D. C. Bureau publications are also 
available in the principal university and public libraries that 
serve as Depository Libraries for Government documents. 


General 


Publications of the National Bureau of Standards 1901 to June 
30, 1947, with subject and author indexes. NBS Circ. 460 
(1948) , 375 pp, price $1.25. 

Publications of the National Bureau of Standards July 1, 1947 
to June 30, 1957, with subject and author indexes. Supplement 
to NBS Circ. 460 (1958), 373 pp, price $1.50. 

Organization and functions of the National Bureau of Standards, 
Department of Commerce Order No. 90 (revised), reprinted 
from Federal Register, June 11, 1958. Available from NBS 
Publications Section. 

Test fee schedules of the National Bureau of Standards, pub- 
lished when issued in the Federal Register. Reprints available 
from NBS Publications Section. 

Annual report of the National Bureau of Standards. For 1958, 
Miscellaneous Publication No. 226, price 45¢; for 1957, No. 
223, price 45¢. 

Standard samples," NBS Cire. 552 (2d ed., 1957), 24 pp. 
Price 25¢, available from Superintendent of Documents. Sup- 
plementary insert sheets, issued from time to time, are available 
without charge from the NBS Publications Section. 
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Mass, Length, Volume 


Units and systems of weights and measures: their origin, de- 
velopment, and present status, by L. V. Judson. NBS Cire. 570 
(1956), 29 pp, price 25¢. 

Precision laboratory standards of mass and laboratory weights, 
by T. W. Lashoff and L. B. Macurdy. NBS Cire. 547, Section 1 
(1954) , 24 pp, price 25¢. 

Calibration of line standards of length and measuring tapes at 
the National Bureau of Standards, by L. V. Judson. NBS 
Cire. 572 (1956), 11 pp, price 25¢. 

The measurement of thickness, by G. Keinath. NBS Cire. 585 
(1958) , 79 pp, price 50¢. 

Testing of glass volumetric apparatus, by J. C. Hughes. NBS 
Circ. 602 (in press) . 


Density, Humidity, Gas Flow 


Density of solids and liquids, by P. Hidnert and E. L. Peffer. 
NBS Circ. 487 (1950), 29 pp, price 20¢. 

Testing of hydrometers, by J.C. Hughes. NBS Cire. 555 (1954), 
10 pp, price 10¢. 

Electric hygrometers, by A. Wexler. NBS Cire. 586 (1957), 
21 pp, price 20¢. 

Methods of measuring humidity and testing hygrometers, by 
A. Wexler and W. G. Brombacher. NBS Cire. 512 (1951), 
18 pp, price 15¢. 

Determination and correlation of flow capacities of pneumatic 
components, by D. H. Tsai and M. M. Slawsky. NBS Cire. 588 
(1957), 7 pp, 10¢. 
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Temperature, Thermal Expansion 


Calibration of liquid-in-glass thermometers, by J. F. Swindells. 
NBS Circ. 600 (1959), 21 pp, price 20¢. 

Methods of testing thermocouples and thermocouple materials, 
by W. F. Roeser and S. T. Lonberger. NBS Circ. 590 (1958), 
21 pp, price 20¢. 

Reference tables for thermocouples, by H. Shenker, J. I. Laurit- 
zen Jr., R. J. Corruccini, and S. T. Lonberger. NBS Circ. 561 
(1955), 84 pp, price 55¢. 

Thermal expansion of solids, by P. Hidnert and W. Souder. 
NBS Cire. 486 (1950), 29 pp, price 20¢. 


Electrical Measurements * 


Suggested practices for electrical standardizing laboratories, 
by F. B. Silsbee. NBS Circ. 578 (1956), 9 pp, price 15¢. 
Establishment and maintenance of the electrical units, by F. B. 
Silsbee. NBS Circ. 475 (1949), 38 pp, price 25¢. 

Services and facilities of the electronic calibration center, NBS 
Tech. News Bul. 42, 223 (November 1958), price 10¢. 
Extension and dissemination of the electrical and magnetic 
units by the National Bureau of Standards, by F. B. Silsbee. 
NBS Circ. 531 (1952), 33 pp, price 25¢. 

Precision resistors and their measurements, by J. L. Thomas. 
NBS Circ. 470 (1948) , 32 pp, price 20¢. 

High-frequency voltage measurements, by M. C. Selby. NBS 
Circ. 481 (1949), 14 pp, price 20¢. 

Radio-frequency power measurements, by R. A. Schrack. NBS 
Cire. 536 (1953), 16 pp, price 20¢. 

Techniques for accurate measurement of antenna gain, by H. V. 
Cottony. NBS Circ. 598 (1958), 10 pp, price 15¢. 
Calibration of commercial radio field-strength meters at the 
National Bureau of Standards, by ¥. M. Greene. NBS Circ. 
517 (1951), 5 pp, 10¢. 


Light, Radioactivity 


Spectrophotometry (200 to 1,000 millimicrons) , by K. S. Gibson. 
NBS Cire. 484 ee 48 pp, price 35¢. 

Colorimetry, by D. B. Judd. NBS Circ. 478 (1950), 56 pp, 
price 40¢. 

Photoelectric tristimulus colorimetry with three filters, by R. S. 
Hunter. NBS Circ. 429 (1942), 46 pp, price 20¢. 

Preparation, maintenance, and application of standards of 
radioactivity, by W. B. Mann and H. H. Seliger. NBS Circe. 
594 (1958), 47 pp, price 35¢. 


1Tn future printings of this Circular, the title will be 
changed to Standard Materials issued by the National 
Bureau of Standards. 

* Attention is also called to the following papers 
which, though not published by the Bureau, were writ- 
ten by NBS staff members and describe some recent 
developments in the field of electrical measurements. 
All appear in IRE Transactions on Instrumentation, Vol. 
I-7, No. 2, December 1958, published by the Professional 
Group on Instrumentation, Institute of Radio Engineers, 
1 E. 79th Street, New York 21, N.Y.: 

The ammonia maser as an atomic frequency and time 
standard, by R. C. Mockler, J. Barnes, R. Beehler, 
H: Salazar, and L. Fey. 

High-frequency iP ivne of the NBS Electronic Cali- 
bration Center, by M. C. Selby. 

High-frequency impedance standards at the National 
Bureau of Standards, by R. C. Powell, R. M. Jickling, 
and A. E. Hess. 

A dry, static calorimeter for RF power measurement, by 
P. A. Hudson and C. M. Allred. 

Recent developments in the field of microwave power 
measurements at the National Bureau of Standards, by 
G. F. Engen. 

Recently developed microwave impedance standards of 
measurement, by R. W. Beatty and D. M. Kerns. 


INTERNAL RESISTANCE 
Ole IDR Calblbs 


A Pees Bureau has developed a nondestructive tech- 
nique for measuring the true internal resistance 
of dry cells by applying a repetitive pulse. The tech- 
nique has proved useful in determining how internal 
resistance changes as the cell is discharged under 
various standard test conditions on continuous or mo- 
mentary current drain. Results of such tests show 
that increase of internal resistance depends on the type 
of discharge, cell size, and variations in manufacture. 
The method was developed by R. J. Brodd of the elec- 
trochemistry laboratory as part of a program to investi- 
gate the basic electrochemical reactions of dry cells. 

The internal resistance of a dry cell and its measure- 
ment have been subjects of study for many years. A 
number of methods are currently employed to make 
this measurement. Among the more common of these 
are techniques that require: (1) Measuring the open 
circuit voltage and the voltage when a moderate, known 
current is drawn from the cell; (2) measuring the open 
circuit voltage and the short circuit current; (3) charg- 
ing a condenser; (4) using a Wheatstone bridge or 
various types of a-c bridges; or (5) measuring the IR 
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drop when short pulses are drawn from the cell. How- 
ever, each of these methods is subject to errors and 
uncertainties. For this reason, the Bureau developed 
a technique in which errors caused by polarization of 
electrodes are reduced to a minimum and large num- 
bers of cells may be tested quickly. 


Equipment and Procedure 


The experimental equipment and procedure are 
simple. The circuit consists of a pulse generator, a 
resistor of known value, and the test cell, all connected 
in series. A cathode-ray tube oscilloscope is the only 
additional piece of equipment required. 

In the first step of a two-step procedure, the oscillo- 
scope leads are connected to the cell terminals, and 
with the pulse generator applying a train of pulses 
to the cell, the instantaneous IR drop is recorded at 
the trailing edge of the pulse displayed on the oscillo- 
scope screen. ‘This “instantaneous” drop of the oscillo- 
scope pattern occurs in about 10-7 sec. In the second 
step, the oscilloscope is connected across the known 
resistor, the instantaneous IR drop is noted, and the 
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current through the resistor is calculated from Ohm’s 
law. Then knowing the current in the pulse, the re- 
sistance of the dry cell is calculated by applying Ohm’s 
law to the IR drop in the cell in the first measurement. 


Results of Measurements 


To be sure that the resistance of a cell measured by 
the pulse technique has the characteristics of a pure 
resistance and does not include other impedance com- 
ponents, the effects of varying the experimental param- 
eters were investigated. The current in the pulse was 
varied from 0.008 to 3.96 amp with no change in 
the internal resistance of the cell. Likewise, there was 
no resistance change when the direction of the pulse 
was reversed or when the frequency of the pulse was 
altered from 100 to 5,000 cps. The measured internal 
resistance did not change when the pulse length was 


Measuring the internal resistance of 
dry cells by the nondestructive pulse 
method. In the foreground is the 
cell holder, at left is a pulse gen- 
erator, and in the background an 
oscilloscope from which pulse meas- 
urements may be made. 
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as they were discharged 
on the 4-ohm test. 


varied from 1 to 10 wsec. Thus the measurement of 
the dry cell by this method appears to fulfill the condi- 
tions for measuring only the purely resistive portion 
of the cell; that is, variations in current, current direc- 
tion, frequency, and length of the pulse have no effect 
on the measured internal resistance. 


Resistance of Loaded Cells 
on Life Tests 


The pulse technique has proved a valuable tool for 
investigating the effects of momentary or continuous 
drain on the internal resistance of dry cells. In one 
series of tests, a loading resistor was connected across 
the cell, and the current flow accurately measured. 
Internal resistance was then determined while the cur- 
rent was flowing with the pulse technique. These 
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Circuit diagram of the equipment used for determining 
the internal resistance of dry cells by the pulse technique. 


measurements were made as rapidly as possible so that 
the electrical capacity of the cell would remain essen- 
tially unchanged. Measurement of the highest drain 
was made first, the lowest drain last. Internal resist- 
ance with no load was measured after each current 
drain. 

The internal resistance of the dry cells was also 
determined as the cells were discharged on the general 
purpose 4-ohm intermittent test, the general purpose 
2.25-ohm test, and the light industrial flashlight (LIF) 
test. The cells were periodically removed from the life 
test racks, internal resistance measured with the pulse 
technique, and the cells replaced. This procedure was 
repeated throughout the lives of the cells. 

Results of these life tests fail to reveal any general 
relation between the internal resistance at the beginning 
and at the end of any particular test. When data on 


Effect of momentary current drain on the internal resist- 
ance of dry cells 


D size cells C size cells AA size cells 
Drain Internal Drain Internal Drain Internal 
resistance resistance resistance 
ma Ohms ma Ohms ma Ohms 
0 0. 180 0 0. 220 0 0. 274 
1. 54 . 180 1. 52 . 220 1, 42 273 
15. 4 . 180 155m . 220 14.1 273 
32.4 178 32.0 . 220 29. 6 272 
149 180 146. PPA 133 276 
508 180 480. . 225 426 282 
1156. 186 1141 G0) pelle eee ee Bees es 
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all cells were compared, it was noted, as expected, that 
the short circuit current increases as the internal 
resistance decreases, and that the internal resistance 
of all the cells increases on discharge. 

In a series of tests where current drain was momen- 
tary instead of continuous, it was found that the internal 
resistance of all sizes of cells remained essentially 
constant at all current drains, with a slight tendency 
to increase at the highest current values. 


Estimating Life Expectancy 


One interesting possibility suggested by the results 
of the tests is that the internal resistance measurement 
of a cell might be used to determine its life expectancy. 
Unfortunately, variations in cell resistances between 
manufacturers make impossible any general prediction 
formula. However, it appears possible to make a cali- 
bration for a specific group of cells, and then to use 
the calibration for predictions of life expectancy. Such 
predictions, of course, are subject to the same statistical 
errors as the calibration. Further investigation is 
underway to determine whether the decrease in life 
expectancy with age can be predicted from measure- 
ment of the internal resistance of individual cells. 


For further technical information, see On the internal 
resistance of dry cells. A pulse method, by R. J. Brodd, 
J. Electrochem. Soc. (in press). 


New Publication e 


Calibration of Liquid-in-Glass 
Thermometers 
The liquid-in-glass thermometer is probably the 


most widely used device for measuring temperature, 
but it is not entirely foolproof. However, if used 


with awareness of its inherent limitations, and if 
properly constructed, it can give excellent service 
where reliable measurements are desired. 

A new publication, NBS Circular 600, by J. F. 
Swindells of the temperature physics laboratory, 
gives information needed for the efficient use of 


liquid-in-glass thermometers. It also describes the | 
features of design that will permit these instruments 
to realize the full accuracy of which they are capable. 

The techniques and equipment used in the Bu- 
reau’s calibration procedures are described, and in- 
formation is provided on the eligibility requirements 
and applications for these services. 

The Circular is available from the Superintendent 
of Documents, U.S. Government Printing Office, 
Washington 25, D.C. Price 20 cents. Foreign re- 
mittances must be in United States exchange and 
should include an additional one-fourth of the pub- 
lication price to cover mailing costs. 


ORGANIZING 


A NETWORK 
OF COMPUTERS 


HE Bureau has been investigating the logical 

problems arising when several high-speed electronic 
computors are connected together to work on a common 
large-scale task. In organizing such a network, many 
logical problems are encountered that do not ordinarily 
occur in the usual single-computer system. One prob- 
lem is that of devising an efficient scheme for enabling 
all the computers to share among themselves, auto- 
matically, the total workload undertaken by the net- 
work. Another problem is that of designing a machine- 
instruction system which can carry out these complex 
operations effectively and yet is simple enough to code 
easily. Techniques for attacking and solving these 
problems were investigated by A. L. Leiner, W. A. Notz, 
J. L. Smith, and A. Weinberger of the data-processing 
systems laboratory. One significant result has been 
the design of the new NBS Pilot Data Processor, a 
multicomputer network with powerful data-processing 
capabilities. 

Many large-scale data-processing jobs, for which 
solutions are now urgently required, call for much 
faster computing capabilities than presently available 
machines can provide. The resulting demand for com- 
puter components of higher basic speed has in many 
respects exceeded the resources of the current com- 
ponent technology. As a consequence, in order to 
shorten problem-solving times, it became necessary to 
try to organize these components into more powerful 
logical combinations for doing the job. One mode of 
approach is to connect together several computers into 
an integrated network so that all of the machines in 
the network can be made to work together on large- 
scale tasks. By dividing the total task into different 
pieces, and by having all the different computers in 
the system work on the different pieces of the task 
simultaneously, an increase in the speed of solution 
can be achieved. 

Under ideal circumstances, the entire job could be 
split up into pieces that are completely independent, 
and each computer could carry out its assigned portion 
of the work without interacting on the other machines 
in the network. In actual practice, however, this ideal 
of complete independence cannot be attained because 
the results of one set of computations will, as a rule, 
be needed as input data for another set, and the starting 
of one phase of operations will have to wait for the 
ending of another phase. When these successive phases 
are carried out by several different computers, one 
machine may have to stop and wait idly for data from 
another if the different steps are not properly coordi- 
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nated—thereby wasting time. The amount of produc- 
tive time that might be lost in this way had to be 
evaluated before an efficient network system could be 
designed. It was found that queuing-theory techniques 
could be applied to evaluating such losses and to devis- 
ing optimum schemes for making the computers in the 
network share a common workload. 


Model Networks and Their Operation 


In the theoretical investigation undertaken to evalu- 
ate the operation of multicomputer networks, a simple 
model network containing two computers was set up. 
In this model a primary computer shares its workload 
with a secondary computer connected to it via trans- 
mission lines. Three types of communication between 
the machines are possible: (1) Outgoing data from the 
primary to the secondary; (2) incoming data from the 
secondary; and (3) control signals between the sec- 
ondary and the primary. The distinction between pri- 
mary and secondary computer is based on the rules by 
which the initiative for carrying out interchanges be- 
tween the two machines is assigned. 

Although both types are considered as independent 
internally programed computers, the primary is the one 
that initiates the joint transactions between the two. 
The primary transmits a job request from time to 
time to the secondary, ordering the secondary to carry 
out some specific job. The secondary then starts im- 
mediately to carry out the indicated job, while the 
primary continues working, performing computations 
that do not need the result data currently being worked 
on by the secondary. 

The sequence of events for the most elementary type 
of system would be as follows: at the beginning, the 
primary initiates a request to the secondary. Some 
time later, the secondary finishes its job, halts, and 
sends a “job completed” notice back to the primary. 
At this time, however, the primary may not be at a stage 
in its program where it wishes to accept the offered 
data. A delay ensues, during which the primary con- 
tinues to run while the secondary remains idle, waiting 
for further orders from the primary. As soon as the 
primary reaches a suitable point in its program, it 
issues a “call-back” order to the secondary and then 
immediately accepts the data that are returned to it. 
After its results have been accepted, the secondary re- 
mains idle until the primary transmits another request 
to it. This 3-phase cycle of (1) job-request, (2) job- 
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The functional interrelationships between the primary and secondary computers in a two-machine network. 


completed notice, and (3) call-back order, continues 
until the data-processing task is completed. 

This simple model is a fair approximation to some 
practical task-sharing applications. As a rule, though, 
certain further complications need to be taken into 
account. These complications arise when the nature 
of the task is such that the primary program cannot be 
formulated so as to schedule its job requests to the 
secondary far enough in advance. | As a result, it may 
not always be possible for the primary to be kept busy 
doing useful work during the time the secondary is 
working. The primary may issue its call-back order 
prematurely—that is, before the secondary has finished 
its job—and therefore the primary may have to stop 
and remain idle until the secondary can respond to the 
call-back order. One computer or the other, then, may 
sometimes be forced to wait, but both machines are 
never halted simultaneously. 

The model can be further improved by providing 
for the primary to transmit more than one request to 
the secondary without intervening call backs. How- 
ever, the ability to store several job requests in the sec- 
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ondary, for that computer to work on concurrently, 
introduces a new complication: because the storage 
capacity of the secondary is necessarily limited, the 
person who programs the task must not let the primary 
issue more than a certain number of job requests in 
succession (which load the secondary storage) without 
also issuing some intervening call backs (which unload 
the storage). If this rule is ignored, at some point in 
the program the secondary must halt without accepting 
new data until some of its previously calculated results 
are removed by the primary; the primary must also 
halt because it cannot proceed with its program to pos- 
sible future call-back orders without first disposing of 
its current request. Thus, a mutual deadlock occurs 
that cannot be resolved without outside intervention. 
Hence, the need exists for observing a program con- 
vention that recognizes some specific upper bound on 
the cumulative excess of requests over call backs. This 
deadlock is not in any way dependent on computer 
speed or timing relationships but is entirely a function 
of the storage capacity of the secondary computer.” 
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Instruction System for Multicomputer 
Network 


The network concepts discussed above have been in- 
corporated into the design of the new multicomputer 
system. This system is made up of several inde- 
pendently operating units that run concurrently. 
From time to time, as the need arises, they can ex- 
change data and instructions. 

The primary computer of this system is a full-scale 
machine that performs a wide variety of arithmetical 
and other operations. The secondary computer, 
though an independent internally programed machine, 
is more limited in scope and is intended mainly as an 
adjunct to the first machine. While the primary is 
performing the major arithmetical processing manipu- 
lations, the secondary concurrently carries out spe- 
cialized procedures that assist the primary’s program, 
such as keeping tallies, counting iterations, modifying 
the addresses of the operands and instructions referred 
to by the primary program, monitoring the primary 
program, and various other special jobs. These cor- 
respond to the “job requests” delegated by the primary, 
mentioned above. Through the use of special sub- 
routines for the secondary, both computers acting as 
a team can carry out a wide variety of complex oper- 
ations without unduly complicating the writing of the 
primary computer program. 

Associated with the secondary computer is the sec- 
ondary storage unit containing a certain number of 
short word-storage locations. Some of these locations 
are used as “base registers” by the primary computer. 
These base registers contain numbers used by the pri- 
mary as automatic address modification constants, or as 
alternative addresses for its next instruction. Load- 
ing of the base registers and manipulation of the num- 
bers stored in them are carried out by the secondary 
computer. 

To make a “job request”, the primary instruction 
program inserts a new instruction in the secondary 
computer’s instruction register. Alternatively, the 
primary program can also order data transferred be- 
tween the primary storage unit and the secondary stor- 
age unit. By these means the primary is able to exer- 
cise unconditional control over the actions of the sec- 
ondary program. On the other hand, the secondary 
can influence the program of the primary by manipu- 
lating the address numbers of the memory locations 
to which the primary refers. 

To synchronize the actions of the two computers 
properly, the programing system earmarks certain se- 
lected instructions in the primary program. Instruc- 
tions so marked are intended to be performed after 
certain key instructions have been carried out by the 
secondary computer. They correspond to the “call 
backs” discussed above. When an earmarked instruc- 
tion is reached in the primary program, control of the 
relative time sequencing of primary and secondary 
operations passes to the secondary program. ‘This 


program can then regulate the relative priority of ex-- 
ecution of subsequent instructions in either program by 
means of a special sequence-regulating instruction— 
called an rp (regulate primary program) instruction. 

In operation, the primary computer, upon reaching 
an earmarked instruction, will check, before executing 
this instruction, to see whether the secondary computer 
is stopped and waiting with an rp instruction. If this 
is not the case, the primary waits until the secondary 
reaches anrp. As soon as both programs have reached 
a mutual waiting status (that is, with the primary wait- 
ing with an unexecuted earmarked instruction and the 
secondary waiting with an unexecuted rp instruction), 
the sequencing will take place according to an explicit 
code written in the secondary (rp) instruction word. 
Various alternatives are available, under which pri- 
ority may be accorded to either computer depending 
on whatever order of sequencing is most appropriate 
to the logic of interchange. Possible sequences include 
repetition or skipping of the primary instructions. 

When both computers are in a mutual waiting con- 
dition, the secondary computer can also refer to the 
various base registers and. control counters that the 
primary computer has just referred to or is about to 
refer to. The secondary computer can make these 
references either directly, that is, as a result of explicit 
register numbers written in the secondary instruction 
or indirectly, that is, according to the locations specified 
in the currently waiting primary instruction. In con- 
sequence, the secondary computer can be used to moni- 
tor or interpret the program of the primary in a highly 
flexible fashion. 

The new Pilot Data Processor contains not only a 
primary and secondary computer but also a third inde- 
pendent computer which specializes in operations that 
control and interpret the data flowing between the sys- 
tem’s internal memory and its external storage and 
display devices. In the future development of these 
network systems, it is expected that even larger num- 
bers of independent machines will participate coopera- 
tively in the performance of stringent tasks. Such 
systems will inevitably be more loosely organized with 
respect to centralized control than the relatively com- 
pact and self-contained machines of today. The dy- 
namics of such loosely organized systems can probably 
be more effectively conceived of in terms of the group 
behavior of large numbers of independent units, ran- 
domly interacting, rather than as an individual com- 
pletely prescheduled machine process. As _ such 
behavior can best be analyzed in statistical terms, the 
problems of system design will increasingly become 
statistically oriented problems.” 


"For further details, see A. L. Leiner, W. A. Notz, 
J. L. Smith, and A. Weinberger, The new NBS multi- 
computer system, Proc. Eastern Joint Computer Conf., 
Philadelphia, Pa., December 1958. 

*For further details, see A. L. Leiner, W. A. Notz, 
J.L. Smith, and A. Weinberger, Organizing a network of 
computers to meet deadlines, Proc. Eastern Joint Com- 
puter Conf., Washington, D.C., December 1957. 
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Low-Temperature 


LABORATORY METHOD for the efficient con- 
version of oxygen to ozone has resulted from 
studies on trapped radicals, sponsored by the Depart- 
ment of Defense. The process, which gives nearly 100 
percent conversion under certain operating conditions, 
involves the electrical dissociation of oxygen in a 
microwave discharge near a surface cooled with liquid 
nitrogen. Not only is this a convenient method for 
producing ozone for laboratory use, but the possibility 
of commercially producing ozone in this way suggests 
that the expense which has to date limited its use can 
be considerably reduced. 

Ozone (O;) is an allotropic form of oxygen, having 
chemical properties similar to those of the usual form 
but more intense. For example, it is so strong an 
oxidizing agent that silver turns to silver oxide in its 
presence. This oxidizing effect makes ozone effective 
in purifying the air in public buildings, treating the 
water in municipal water supplies and swimming pools, 
and bleaching fabrics, starch, ivory, and certain oils. 
In addition to these uses, various commercial processes 
are directly dependent upon ozone, such as the manu- 
facture of artificial comphor and vanilla extract. In 
its liquid form, ozone sometimes explodes for unknown 
reasons and should, therefore, be produced in small 
amounts and handled by experienced personnel. 

The Bureau’s method for producing ozone resulted 
from studies of the low-temperature reactions of atomic 
oxygen by guest workers in the free radical program, 
R. A. Ruehrwein and J. W. Edwards of Monsanto 
Chemical Co. and J. S. Hashman of Callery Chemical 
Co. In this method, oxygen is sent through a high- 
frequency electric discharge into a Pyrex U-tube im- 
mersed in liquid nitrogen. The arrangement is such 
that a glow discharge occurs in the oxygen stream just 
above the liquid nitrogen level. Ozone is then produced 
as the dissociation products in this discharge condense 
on contact with a liquid-nitrogen-cooled surface. The 
liquid ozone, which forms in a narrow band on the 
wall of the U-tube a few millimeters below the glow 
discharge, drains slowly down the tube. 

After unconverted oxygen is pumped off, the volume 
of the ozone yield at standard conditions of pressure 
and temperature can be calculated from the measured 
amount of liquid and its density. Comparing the yield 
with the volume of oxygen introduced into the system 
shows that 100 percent conversion is possible under 
certain conditions. 

The conversion efficiency for this arrangement de- 
pends upon flow rates, reaching its maximum at rates of 
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Production of Ozone 


5.7 cm*®/min and lower. At such low flow rates, all 
oxygen introduced into the system is converted so that 
pumping becomes unnecessary. However, much of the 
available energy is wasted at these rates, the energy 
efficiency being at its peak with much higher rates up 
to 360 cm’/min. Above this limit, the 125 w of micro- 
wave power available was not sufficient to maintain a 
stable glow discharge. 


Experimental arrangement used in highly efficient 
laboratory method for the production of ozone. 
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Helium Liquefaction and Transportation 


HE BUREAU’S Boulder (Colo.) Laboratories has 

made a study for the Navy Bureau of Aeronautics 
on the feasibility of transporting helium over long 
distances in liquid form. Conducted by D. B. Mann 
and B. W. Birmingham of the Cryogenic Engineering 
Laboratory (CEL), the study reveals that large-scale 
liquefaction plants and liquid-distribution systems com- 
pare favorably with compressed gas systems as a means 
of transportation when quantities and distances are suf- 
ficiently great. 

The current importance of helium to national defense 
and to both basic and applied research has focused 
attention on the cost of its transportation. For large 
users, such as the Navy, liquefaction and transportation 
of helium at or near its liquid density will lower gas 
costs by reducing shipping charges. This procedure 
will also facilitate distribution. 

Helium gas is obtained from natural gas mixtures 
in the West Texas area, where it occurs in concentra- 
tions of up to 8 percent. At present, distribution of 
the extracted and purified gas from production plants 
to consumers requires the use of extremely heavy, high- 
pressure, cylinder tank cars having a limited gas capac- 
ity. Transportation costs are therefore an appreciable 
percentage of the total cost of the gas delivered to the 
consumer. 

Both private and government research since World 
War II has extended the number of uses for helium as 
well as increased the over-all demand. Today con- 
sumption is 600 percent greater than it was a decade 


Developed by the Cryogenic Engineering Laboratory of 
the Boulder (Colo.) Laboratories, this helium liquefier 
is one-tenth the size of that proposed for the Navy 
Bureau of Aeronautics. 


30 


ago. Until the war years, the primary application of 
helium was the lighter-than-aircraft operations of the 
Navy. Although this use still represents a considerable 
percentage of the total helium consumption, other mili- 
tary and civilian users have been making larger and 
larger inroads into the supply of helium. Department 
of Defense requirements alone have outstripped liberal 
estimates. At present, rocketry, shielded arc welding, 
weather balloons for routine and research aerological 
activities, nuclear reactors, aeronautical research, and 
low-temperature (cryogenic) investigations are the 
chief applications of this inert gas. 

Liquefaction of helium, first accomplished by Onnes 
at the University of Leiden in 1908, is rapidly becoming 
a common cryogenic technique. Basically, the process 
of reaching low temperatures (close to absolute zero) 
is similar to that used in producing ordinary refriger- 
ator temperatures. Compression of purified helium gas 
to a pressure of 220 lb/in.? yields about 10 percent 
liquid when suitably precooled and expanded. 

The solution which helium liquefaction offers for 
transportation difficulties led CEL to undertake the de- 
sign of suitable liquefaction facilities and transportable 
containers. This program calls for location of the 
facilities close to a helium production plant for the 
greatest economy. 

Process simplicity and ease of operation are of pri- 
mary importance in planning the initial facility. The 
process recommended employs work-producing expan- 
sion engines, and requires the use of liquid nitrogen or 
liquid air as precoolants to produce the necessary re- 
frigeration. In this way, precooling by liquid hydrogen 
with its accompanying hazards is eliminated and op- 
erational complexity is reduced. Another desirable re- 
sult is greater cycle efficiency. 

The operation suggested is a simple Claude-type 
cycle which consists of one expansion engine operat- 
ing at a temperature below that of a liquid nitrogen 
precoolant bath. A modification, made possible by a 
155-atm pressure differential, employs a second ex- 
pansion engine in the helium-feed gas stream for the 
conservation of the liquid nitrogen refrigerant. The 
pressure of the helium feed from the production plant 
is 170 atm, while the operating pressure of the lique- 
fier is only 15 atm. 

Pipe lines insulated and shielded with liquid nitro- 
gen or liquid air make possible the efficient transfer of 
helium from the liquefier to transportable containers. 
The containers designed by CEL are of a conventional 
liquid-nitrogen shielded, three-shell construction. with 
evacuated powder as insulation. A new insulation, 
recently reported by private industry, has a thermal 
conductivity low enough to eliminate the need for 
liquid nitrogen shielding. 

During transportation, isolation of the container 
allows the pressure to rise to some fixed design value 
based on travel time and rate of heat transfer, ac- 
complishing “no-loss” storage. For example, newly 
designed tank cars call for an inner helium vessel 
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capable of withstanding a 10-atm pressure rise within 
a 10- to 15-day period. This is adequate for transpor- 
tation within the continental United States. Stainless 
steel meets the requirements for the pressure vessel. 
Carbon steel or aluminum are the preferred metals for 
the outer ambient-temperature vessel. 

Upon arrival at a specific destination, helium must 
be transferred into compressed storage facilities; it 
cannot be kept indefinitely at low temperature without 
refrigeration. Two methods are proposed for this 
transfer: (1) If an adequate pressure is maintained 
in the container, helium can be forced through a heat 
exchanger, warmed to ambient temperature, and then 
piped to gas storage cylinders through conventional 
compression equipment; or (2) a low-temperature 
pump can be used to force the helium through a heat 
exchanger to compressed-gas storage. 

The thermodynamic problems encountered in this 
proposed program of helium liquefaction and trans- 
portation have received considerable attention. Two 
of these problems are: (1) Reducing the amount of 
liquid helium required to cool the storage vessel; and 
(2) eliminating temperature stratification of helium 
in the container. 

The “cool-down” of equipment in which liquid 
helium is the only refrigerant is wasteful because of 
helium’s low heat of vaporization. To reduce this 
waste, a well-known cryogenic technique was adopted 
so that a portion of the sensible heat of the cold helium 
gas that has been vaporized during the initial stages 
of the “cool-down” could be utilized. This was ac- 
complished by incorporating a concentric shell inside 
the helium pressure vessel to channel the evaporated 
helium between the vessel and pressure shell. This 
design decreases the amount of liquid helium required 
for cooling by a factor of 10. An operational solution 
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Top: Container designed to de- 
crease by a factor of 10 the amount 
of liquid helium required in the 
“cool-down”. Right: 13,000-gal ca- 
pacity insulated rail tank car, de- 
signed for large-scale transportation 
of helium at or near its liquid 
density. 


February 1959 


NITROGEN TANK 


OUTER SHELL 


NITROGEN SHIELD 


for the second problem is not, as yet, available. How- 
ever, early results of an investigation currently under- 
way provide a method of minimizing temperature strat- 
ification. It is thus possible to keep temperatures in- 
side the vessel quite uniform so that pressure will not 
rise more rapidly than predicted. Being carried out 
concurrently with studies of liquefaction and storage 
is the design of transport containers of an optimum 
size with respect to minimum gross weight and maxi- 
mum performance. 

The specific design resulting from this study will ful- 
fill Navy requirements for a liquefaction facility 
capable of condensing helium and delivering it to 
storage at a rate of 50 gal/hr. The liquefied gas will 
be transported by insulated rail tank car having a 
capacity of approximately 13,000 gal. 

The interest of other large consumers, stimulated by 
the economic and technical feasibility of the accepted 
design, has extended the studies to the design of lique- 
faction facilities with an hourly rate of 260 gal. 
Truck trailers with capacities to 6,000 gal have been 
proposed for the transportation of less-than-carload 
quantities. 

Small quantities of liquid helium are now also air- 
shipped in the United States. During the last six 
months, CEL has shipped 12.5- and 19-gal helium con- 
tainers to a destination about 2,000 miles from the 
liquefaction source. Four to five shipments per month 
have been made by commercial airlines. The only 
special precaution necessary is a check valve on the 
normal vent line. This prevents air from being drawn 
into the liquid helium space by changes in atmospheric 
pressure. Losses during a typical shipment of this 
kind are less than one-quarter of a gal. 

If large-scale helium liquefaction becomes a reality, 
many research programs will benefit from a much 
lower cost of the liquid. This would reduce the cost 
of such studies as the development of liquid-helium— 
cooled, solid-state masers (microwave amplification by 
stimulated emission of radiation) and cryotron com- 
puters. The masers are vital to scientific progress in 
radio astronomy, and cryotrons may make possible 
much more compact computers than are currently 
available. 
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A SPECIAL-PURPOSE analog computer * that ana- 
lyzes heat flow in building materials has been 
developed by A. F. Robertson and D. Gross. This 
desk-sized instrument makes possible rapid estimates 
of the transient heat flow within building materials 
or constructions. Although its use is not likely to 
eliminate the need for full-scale fire tests, it is expected 
to be useful in reducing their number. 

Fire-resistance tests are often performed on portions 
of buildings to determine how well the construction 
will withstand the effects of fire. However, the expense 
of building the test specimen and the long time required 
to perform the test make desirable some high-speed 
method for estimating fire endurance of structures. 

The present device provides such a method by using 
a direct analogy between thermal and electrical cir- 
cuits. This type of analogy permits considerable flexi- 
bility in solving heat-flow problems. At the same time 
it simplifies the coding of problems and eliminates the 
large assembly of electronic mathematical-operator 
units which conventional computers require to solve 
the problem of heat transfer by conduction. 

The instrument is of the “fast time” type, in which 
a problem is solved repetitively at a speed much higher 
than can be obtained with an actual test specimen. 
Essentially, it applies voltage signals corresponding to 
the prescribed temperature-time conditions of a stand- 
ard fire test to an electrical model representing the 
material under study, and then displays on a cathode- 
ray tube the resultant temperature-time curve at any 
of several points within the material. The equipment 
consists of a signal-generating unit, means for applying 
the signal to an electrical network, and circuitry to 
measure the transient voltages developed within the 
model. The time ratio between the electrical operation 
and the thermal process is of the order of 10-°. Such 
high speed requires cathode-ray tube presentation for 
read-out of the repetitively solved problem. 

A custom-made electrical model is prepared for each 
thermal problem to be simulated. A plug-in unit pro- 
vides 20 network elements and discharge points. A 
series of resistors represents a lumped approximation 
to the continuous thermal resistance of the prototype, 
and a group of capacitors shunting these resistors to 
ground represents a lumped approximation to its heat 


capacity. 


Electrical network in which the resistors simulate the 
thermal resistances of the materials of the prototype, 
and the capacitors simulate their heat capacities. 
Custom-made networks are prepared for each thermal 
situation to be simulated. 
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Signal Generator 


The signal generator, a photoformer unit, was se- 
lected for flexibility in choice of possible wave forms 
and the ease with which they can be interchanged. It 
is basically an oscilloscope with an opaque mask cover- 
ing a portion of the cathode-ray tube face. The shape 
of the mask corresponds to the shape of the desired 
input waveform. A phototube with appropriate ampli- 
fier is arranged to view the face of the cathode-ray 
tube. The amplified output of the phototube is applied 
to the vertical deflection plates of the cathode-ray tube 
in such a way that when the spot is “seen” by the 
phototube it is deflected so as to be partially hidden 
by the mask. Combination of a feedback in the verti- 
cal plate circuit, and a relaxation timing sweep on the 
horizontal plates forces the spot to follow the mask 
outline on the cathode-ray tube screen. Since the 
voltage applied to the deflection plates is proportional 
to the displacement of the spot on the screen, a voltage- 
versus-time signal, controlled by the shape of the mask, 
can be taken from the plates. 

The signal generating oscilloscope permits reasonable 
linearity between mask shape and output signal. Its 
tube has a short-persistence type P-15 phosphor. The 
short decay time of this phosphor, down 90 percent 
in 2.6 psec, is necessary to permit close following of 
the mask shape during rapid transients. For maximum 
response, the photomultiplier tube associated with the 
oscilloscope was selected to have a spectral sensitivity 
closely matching the cathode-ray tube phosphor. A 
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darkened hood shields the photomultiplier from stray 
external illumination. 

In using a signal generator of this type, it is essential 
that the spot remain on the tube screen even during 
periods when signals are not being generated. To per- 
mit this, the generating oscilloscope was modified by 
insertion of a clamp circuit in the horizontal deflection 
circuit to prevent the spot from leaving the right-hand 
edge of the screen. Thé;clamp circuit does not abruptly 


Electronic analog device(for the solution of transient heat 
flow problems. Instrunient aids in the estimation of the 
fire endurance of structural building elements in stand- 
ard fire tests. 
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limit spot deflection at one position, but instead greatly 
reduces the deflection sensitivity when the spot ap- 
proaches the edge of the screen. This type of operation 
is easy to achieve and helps to prevent “burning” the 
phosphor of the cathode-ray tube screen. 


Impedance Converter 


An impedance converter combines the balanced but 
out-of-phase voltages applied to the deflecting plates 
of the generating oscilloscope into a single-phase low- 
impedance output signal with ground as a reference 
level. A pentode is used here in the unity-gain phase- 
inverter circuit and a twin triode in the averaging 
circuit. This works well as a substitute for a true 
addition circuit because both signals are of the same 
order of magnitude. 


Sweep Clamp 


The horizontal-timing sweep that forms the input 
signal is obtained from an internal connection to the 
sweep-generating circuit of the viewing oscilloscope. 
The sweep clamp provides a means for rejecting every 
alternate sweep cycle and thus generating an input 
signal only when it is necessary to apply one to the 


model. 
Cathode Follower 


A cathode follower is used as a high-impedance 
probe feeding a wide band impedance converter. This 
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Block diagram of the 
special-purpose analog 
computer that analyzes 
heat flow in building 
materials. 
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circuit has the desirable feature of permitting high- 
impedance operation with large input signals. The 
potential divider between plate and cathode of the first 
stage of the twin triode serves as a variable plate supply 
source for the 6AK5 used as cathode-follower-input 
stage. In this manner large voltage signals can be 
followed while at the same time limiting the potential 
drop across the input tube. Frequency response is 
very nearly linear up to 25 ke. The output of this 
circuit is mixed with the time and calibration signal 
by the electronic switch. 


Time Base Generating Unit 


The time reference standard for the unit is a variable- 
frequency square-wave oscillator. The output of this 
unit is fed to the temperature and time reference unit 
and to the frequency divider. The former consists of 
differentiating, rectifying, and mixing circuits. 


Results of the analog computation are presented as curves 
on a cathode-ray tube. These curves represent tem- 
perature curves at several positions within a material 
during a standard fire-exposure test. 
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The frequency divider circuit uses one each of scale- 
of-ten and scale-of-twelve glow counter tubes in series. 
The first tube permits accentuation of each tenth timing 
mark while the second permits generation of a syn- 
chronizing signal as a submultiple of the scale of ten 
count. The outputs from each of the 12 cathodes of this 
tube are separately available so that considerable flex- 
ibility is possible in generating a time signal appropri- 
ate to the input signal. The output synchronizes the 
time sweep of the viewing oscilloscope and the switching 
of the electronic switch. An internal connection to the 
electronic switch provides a square-wave output in 
synchronism with the trigger input signal. This square 
wave drives both the sweep clamp and the discharge 
circuit. 


Discharge Unit 


The discharge circuit is made up of three separate 
circuits: (1) A twin triode amplifier and phase in- 
verter whose output is split into two signals; (2) a set 
of discharge triodes for each individual section of the 
model; and (3) a clamp diode reference level generator. 
This last unit is necessary to balance out the potential 
drop across the clamp diodes and thus permit discharge 
of the network model to the ground-reference level. In 
the original unit of 20 discharge triodes, 10 twin-triode 
tubes were used to permit complete discharge of a 20- 
section electrical model. 


Read-Out Oscilloscope 


The viewing oscilloscope, on which the problem 
situation is displayed, is of a type suitable for driven 
sweep operation from an external trigger signal. This 
facility together with the highly linear time sweep source 
for the signal generator are the only essential require- 
ments of the unit. High linearity of the vertical de- 
flection amplifiers is not essential because of the way 
in which the different input signals are compared. 


‘For further technical details, see An electrical analog 
method for transient heat flow analysis, by A. F. Robert- 
son and D. Gross, J. Research NBS 61, 105 (August 
1958) RP2892. 
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Scientist assembles apparatus which removes most of the 
sulfuric acid from the sulfur—one of the final steps in 


purifying sulfur to 99.999 mole percent. The last trace 
of acid is removed by extraction with distilled water in a 
nitrogen-filled vial (foreground). 


ae BETTER UNDERSTAND and predict the chem- 
ical behavior of sulfur and its compounds, the 
Bureau has been studying the thermodynamic proper- 
ties of sulfur in a program partly supported by the 
Allied Chemical and Dye Corp. and the American 
Petroleum Institute. Because sulfur is difficult to 
purify, exists in several crystallographic forms, and 
reaches equilibrium very slowly, accurate data on its 
thermodynamic properties have been limited. How- 
ever, the Bureau has devised a method of purifying 
sulfur + to 99.999 mole percent, and designed an adi- 
abatic calorimeter? for measuring heat quantities at 
high temperatures. With these developments, the heat 
capacity of sulfur from 25° to 450°C, * and the heats 
of transition and fusion have been determined with 
higher accuracy. The present measurements have re- 
duced uncertainties in most of these values by a factor 
of 10. 

Accurate calorimetric measurements of pure ma- 
terials are greatly needed not only to resolve differences 
in existing data but also to evaluate chemical purity of 
highly pure materials, thereby serving as an independ- 
ent check on chemical and spectroscopic methods. In 
the case of sulfur, these data are necessary to predict 
equilibria of chemical reactions in petroleum refining 
which involve elemental sulfur, an undesirable com- 
ponent in most industrial applications. 

The first step in determining the thermodynamic 
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properties of sulfur was-the preparation of very pure 
sulfur. In previous calorimetric determinations, small 
amounts of impurities—which were disregarded—had 
a profound effect on some of the properties, causing 
variance among the measurements. With the purifica- 
tion method developed by T. J. Murphy W. S. Cla- 
baugh, and R. Gilchrist of the inorganic chemistry 
laboratory, the sulfur that was obtained had a purity 
of 99.999 mole percent, as determined by the present 
calorimetric method.? 

Because the main contaminants in sulfur are organic 
in nature, purification is achieved by oxidation, which 
was found to be the best means of removing organic 
impurities. In preparing the very-high-purity sulfur, 
the organic materials are oxidized by a mixture of 
concentrated sulfuric and nitric acids. Most of the 
inorganic impurity is also dissolved by this strong acid 
combination and is discarded with the acids. The 
rest, an insoluble fraction, is left at the bottom of the 
still during the final step of distillation. 


Purification 


To begin the sulfur purification, enough sulfuric acid 
is added to cover the sulfur and to produce a good 
mixture when the sulfur becomes molten (about 300 
ml of H,SO, to 2 kg S$). When the sulfur has melted, 
small portions of nitric acid are added until the organic 
impurity has completely oxidized. After the sulfur 
has cooled and resolidified, the acids are poured off 
and the sulfur is rinsed several times with distilled 
water. To extract acids which may still be entrapped 
in the solid, the sulfur is remelted and allowed to cool; 
rinsing with distilled water is then repeated. Lastly, 
to sweep out most of the remaining sulfuric acid, a 
continuous stream of helium or nitrogen gas is bubbled 
through the mixture as it refluxes for 8 hr. The sulfur 
is then distilled, leaving any insoluble impurities in 
the bottom of the distilling flask. 

The last trace of acid is removed by extraction with 
distilled water in a nitrogen-filled ampoule. The 
ampoule is sealed, heated to 115°C, and shaken to 
extract the acid into the water. After cooling, the 
ampoule is opened and the water poured out. This 
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process is repeated several times. To remove the last 
trace of water that remains after this treatment, the 
ampoule is sealed to a high-vacuum system, the sulfur 
melted and then allowed to solidify during the pump- 
ing operation. Finally, nitrogen is admitted to the 
ampoule and the ampoule is sealed. Thus, the sulfur 
is not in contact with oxygen—which would combine 
with it to form a small amount of sulfuric acid. 

As an added precaution in maintaining purity, the 
melted sulfur is carefully transferred to the calorimetric 
container by gravity flow in vacuum so that it is exposed 
to air only for the time required to seal the ampoule 
to the vacuum system. 


Calorimetric Method 


A specially designed adiabatic calorimeter, with an 
automatic temperature control system, makes it possible 
to retain sulfur in one form for long periods at nearly 
constant temperatures, and to follow rates of change 
in approaching equilibrium by observing the accom- 
panying thermal effects. To minimize heat exchange 
between the calorimeter and the surrounding adiabatic 
jacket, the temperature of the jacket is maintained 
automatically at the calorimeter’s temperature. For 
precise intercomparisons in successive runs, the initial 
and final temperatures are reproduced to a few hun- 
dredths of a degree. The experiments,*? conducted by 
E. D. West of the thermodynamics laboratory, were 
carried out over a wide range of temperatures. 

Using this calorimeter, the heat capacity of sulfur 
has been determined with an accuracy of 0.1 to 0.2 
percent. The value obtained for the heat of transition 
of rhombic to monoclinic sulfur was 401.7 j/g-atom 
at 95.31°C (the transition temperature at saturation 
pressure), while the heat of fusion was found to be 
1717.6 j/g-atom at the Suen: triple point, 
Llai8?G: 

The fact that sulfur exists in a number of forms must 
be taken into consideration in measuring its properties. 
Up to 96°C, the rhombic crystal is the stable form, 
while above this temperature, sulfur changes to the 
monoclinic (needle-shaped) form. These forms have 
different melting points, the rhombic melting at about 
113°C and the monoclinic at 119°C. When melted, 
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Heat capacity curves of monoclinic and liquid sulfur. 
Left: Values for monoclinic sulfur decrease with in- 
creasing temperature to 101.1°C, where they suddenly 
exhibit a sharp rise indicating another stable monoclinic 
modification. Right: Liquid sulfur values rise abruptly 
to a peak at 159.1°C and then decrease at a constant rate. 
The high peak is associated with the breaking of sulfur 
bonds and the conversion of 8-atom rings to chains. 
Insert: Enlargement of the heat capacity of liquid sul- 
fur near its maximum. 
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sulfur forms a pale-yellow liquid that boils at 444.6°C, 
producing a vapor which is mainly Ss. If the liquid 
sulfur near the boiling point is poured into cold water, 
plastic sulfur—a rubberlike, long-chain molecule—is 
produced. This form generally reverts te rhombic at 
room temperature. 

In the present set of experiments, rhombic sulfur, 
which ordinarily gives reproducible heat capacities, 
could not be obtained by a one-step process of slowly 
cooling (supercooling) the liquid transferred to the 
calorimeter. Apparently some nonequilibrium form, 
such as the plastic or monoclinic sulfur, was slowly 
giving up its energy, thus decreasing the observed heat 
capacity by smaller amounts as its concentration de- 
creased. To avoid the decrease in heat capacity, a 
heat-treatment technique was used to convert sulfur to 
the stable rhombic form. 

This method involves cooling the melted sulfur to 
room temperature overnight to overcome the tendency 
to supercool, heating in the monoclinic region at 105° 
to 110°C for a day to allow conversion of the remaining 
chains to Ss rings, recooling to room temperature to 
initiate the conversion of monoclinic to rhombic, and 
finally heating overnight at 60° to 70°C to obtain 
optimum temperature conditions for conversion of 
monoclinic to rhombic sulfur. Sulfur treated in this 
way gave reproducible values for heat capacity. Mono- 
clinic sulfur was prepared by a similar procedure. 


Thermodynamic Data 


Heat capacity measurements were experimentally 
determined from 35° to 405°C and extrapolated up to 
450°C. These values are believed to be accurate to 
0.1 percent below 95°C, 0.5 percent from 95° to 101°C, 
and 0.2 percent above 101°C. 

The heat capacity of sulfur from 35° to 95°C, when 
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the sulfur is in the rhombic form, was obtained by the 
conventional method of subtracting the temperature 
function of the empty container from that of the filled 
calorimeter and dividing by the number of gram-atomic 
weights of sulfur in the calorimeter. However, because 
of the slow transition of rhombic to monoclinic sulfur, 
which requires several days to reach equilibrium, the 
usual procedure for locating the temperature of transi- 
tion had to be modified. The rates of change of the 
calorimeter temperature as a function of temperature 
were measured by approaching equilibrium from both 
higher and lower temperatures and then plotting the 
positive and negative rates obtained on a graph. From 
this graph, the temperature of transition was located 
as the point at which the rate of transformation is zero. 
This temperature was found to be 95.3°C, accurate 
within +0.1 deg C. Because of the slow transition of 
rhombic to monoclinic sulfur, the procedure for ob- 
taining the heat of transition was to measure the total 
enthalpy (heat content) increase between 95° and 
101°C and correct to the transition temperature using 
heat capacity data from other experiments. The heat 
of transition was found to be 401.7 j/g-atoms. 

From 95° to 101°C the heat capacity of sulfur—now 
in the monoclinic form—decreases with increasing 
temperature. To insure that these measurements were 
not affected by proximity to the transition at 95.3°C, 
experiments at 96° and 96.5°C were subjected to a 
variety of preliminary treatments after conversion to 
the monoclinic form had been carried out at a higher 
temperature. The heat capacity of monoclinic sulfur 
was determined up to 115°C. 


The heat capacity exhibits an abrupt increase at 
101° +1°C, indicating the existence of another stable 
monoclinic modification in addition to the common 
one. The heat of this transition was determined to be 
1.6 j/g-atom. 

Two determinations were made of the heat of fusion 
by measuring the enthalpy change between 113° and 
125°C and subtracting the integrals of heat capacity 
over this range. The average value of 1717.6 j/g-atom 
at 115°C for the heat of fusion is believed to be 
accurate within 2.2 j/g-atom. 

Liquid sulfur consists of sulfur atoms in molecular 
combinations ranging from 8-atom rings to 10,000-atom 
chains. As the temperature is raised, the rings are 
gradually converted to chains, resulting in abnormally 
high heat capacities. To study this behavior, the 
lambda-shaped heat capacity curve was plotted in detail 
from 115° to 405°C. The maximum heat capacity, 
which occurs at 159.1°C, is about 50 percent greater 
than at 120°C. This abnormal heat capacity is associ- 
ated.with the breaking of sulfur bonds and converting 
8-atom rings to chains. 


* Purification of sulfur, T. J. Murphy, W.S. Clabaugh, 
R. Gilchrist, to be published. 

* An adiabatic calorimeter for the range 30° to 500° C, 
E. D. West and D. C. Ginnings, J. Research NBS 60, 
309 (1958); Precise adiabatic calorimeter, NBS Tech. 
News Bul. 42, 13 (1958). 

* The heat capacity of sulfur from 25° to 450° C, the 
heats and temperature of transition and fusion, E. D. 


West, J. Am. Chem. Soc. 81, 29 (1959). 


RAMBERG 
APPOINTED 
SCIENCE 
OFFICER 
IN ROME 


R. WALTER RAMBERG, Chief of the Me- 
chanics Division, has been appointed by the 
U.S. Department of State for a two-year term as 
Science Officer with the U.S. Embassy in Rome. He 
will serve as an adviser to the Ambassador and his 
staff in the evaluation of the interaction of science 
with foreign policy, the assessment of current scien- 
tific progress abroad, and the enhancement of the 
liaison between U.S. and foreign scientists and 
engineers. 


Scientists are selected for this post because of 
their international scientific reputation, and their 
acquaintance with the scientists and the state of 
science in the country of assignment. Appointees 
also have a facility with the language of the country. 

Dr. Ramberg has been with the Bureau since 
1931. He became Chief of the Engineering Me- 
chanics Section in 1946, and was appointed Chief 
of the Mechanics Division in 1947. 

Born in 1904 in Florence, Italy, Dr. Ramberg 
received his A.B. with honors in physics from Cor- 
nell University in 1926. In 1928 he went to Munich, 
Germany, to attend the Technische Hochschule. He 
earned his Dr. Sc. Tech. there in 1930. 

The author of numerous papers in his field, Dr. 
Ramberg has held office in many scientific and tech- 
nical societies. He has been president of the Society 
for Experimental Stress Analysis, the Washington 
Academy of Sciences, and the Philosophical Society 
of Washington. He has been Secretary of the Exec- 
utive Committee of the American Society of Me- 
chanical Engineers, and a member of the National 
Advisory Committee on Aeronautics, Sigma Xi, and 
the Institute of the Aeronautical Sciences. Dr. 
Ramberg has received awards from the Washington 
Academy of Sciences and the American Society for 
Testing Materials. 
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PILOT DATA PROCESSOR 
NOW UNDER 
CONSTRUCTION AT NBS 


A Ratt Bureau is investigating a wide variety of un- 
usual data-processing problems of importance to 
the Government. To help carry out this program, the 
Bureau has planned a new Pilot Data Processor. The 
Congress provided funds specifically earmarked for 
this purpose in the last four appropriations, with com- 
pletion funds becoming available this year. The Pilot 
Data Processor, or PILOT for short, is to be a flexible, 
multipurpose facility with a wide repertoire of logical 
and computing capabilities that are especially suited 
to the experimental investigation of Government prob- 
lems. Its logical design has now been completed, and 
construction of the equipment is underway. 

In providing technical assistance to other Federal 
agencies, the Bureau is often asked to help determine 
what areas in the activities of these agencies are adapta- 
ble to modern data processing techniques, and what 
kinds of available equipment are suited to such activi- 
ties. Frequently the Bureau is also asked to assist 
in demonstrating feasibility by actual trial runs on 
representative sample data. In order to carry out this 
work, the new Pilot Data Processor will be utilized to 
simulate realistically a large number of different kinds 
of data-processing systems. In this way the proper 
class of equipment characteristics suitable to the needs 
of each particular agency can be selected. In the 
event that the problem calls for novel performance 
characteristics not within the scope of existing equip- 
ment, the data processor will be used as an exploratory 
tool to provide a realistic basis for specifying what 
new equipment is needed. To be fully effective in 
supporting such a program of investigations, the PILOT 
must be unusually flexible in its organization and design 
and be at least as powerful as the machines it may have 
to simulate. 

The logical design of the prot, devised by A. L. 
Leiner, W. A. Notz, J. L. Smith, and A. Weinberger of 
the data processing systems laboratory, has therefore 
had to provide for exploring a wide range of applica- 
tions. These include: (1) Business-type data-process- 
ing applications, where the system performs accounting, 
record keeping, and information retrieval operations 
for management purposes; (2) scientific data reduction 
applications, where the system performs complicated 
mathematical and logical manipulations on the data; 
(3) control applications, where the system is used for 
real-time control and simulation operations in conjunc- 
tion with analog computer facilities or with automatic 
instrumentation facilities—remotely located if neces- 
sary; and (4) data-processing network applications,' 
(also see p. 26, this issue) where the system communi- 
cates with other digital computer facilities to form a 
communication network in which all the computers col- 
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laborate on large-scale problems that are beyond the 
capacity of any one machine. In general, the PILOT 
will explore problem areas that could lead to improved 
management procedures, reduced operating costs, and 
increased efficiency and economy in data handling 
operations. 

Because capabilities for investigating all these prob- 
lems have been incorporated into the system’s logical 
design, the PILoT will have a number of features not 
ordinarily associated with a single installation. For 
example, it will have extremely flexible controls for 
communicating with the outside world, and can freely 
exchange information with human operators or with 
a variety of data-collecting instruments. The PILOT 
will have a wide range of internal processing formats. 
These “built-in” formats will save time in programing 
problems. [t will also have a high internal-data-ma- 
nipulation rate. This high speed is the result of care- 
fully balanced logical design rather than a simple 
increase in the basic digital repetition rate. The 1 Mc 
repetition rate planned for the PILOT is the same speed 
that was successfully used in the Bureau’s earlier com- 
puters, SEAC ? and DYSEAC.? 


Arithmetic operation times (including 4 random access 
times to fast memory) 


Total time 
Operation 
Average | Minimum 
to maximum 

Fixed-point addition, subtraction, compari- msec psec 

§$0N 2222 ele Ret 2 2b ees eee 7.5 6to 9 
Fixed-point multiplication__..-------------- 31 22 to 40 
BHixeG-pommidivisiorisses =e ae ae me 73 72 to 74 
Floating-point addition, subtraction #______- 20 19 to 21 
Floating-point multiplication______---------- 28 to 46 


a For shift of 4 bits. 


The PILOT system contains three independently pro- 
eramed computers, each specially adapted for perform- 
ing certain classes of operations that frequently occur 
in large-scale data processing applications. These com- 
puters intercommunicate in a way that permits all three 
of them to work together concurrently on the solution 
of a common problem. By such concurrent operation, 
it is possible to shorten the time required for solving 
large-scale problems. With this triple-computer sys- 
tem, a further advantage in problem-solving efficiency 
can be obtained by having each computer work on that 
portion of the problem for which it is individually best 
suited. 
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Block diagram of the new Pilot Data Processor now under construction. 


Of its three individual computers, the primary and 
secondary machines each utilize only 16 basic instruc- 
tions (i.e., add, subtract, multiply, shift, compare, etc.) , 
thus providing a simple code structure. However, be- 
cause so many variations of word format are provided, 
a wide variety of operations can be performed with 
these few instructions. Both primary and secondary 
computers, acting cooperatively, will be able to carry 
out special complex sorting or search operations. The 
third computer in the system, called the input-output 
format controller, will specialize in editing, inspecting, 
and modifying information that is flowing into or out 
of the system. All three computers, as well as all the 
external units of the system, will share common access 
to the high-speed internal memory, which is linked to 
the input and external storage units via a number of 
independent trunks for effecting data transfers. The 
system will be able to transfer data concurrently along 
these input-output trunks, although only two are 
planned for the initial installation. Using two such 
trunks, it will be possible to maintain two continuous 
streams of data, flowing simultaneously between any 
two external units and the internal memory, without 
interrupting the data processing program. 

The PILOT system has been designed to operate with 
a wide variety of input-output devices, both digital and 
analog, that are located either proximate or remote 
from the system. The etxernal control capabilities of 
the system will enable the PILOT to supervise this wide 
family of external devices and, on an unscheduled basis, 
to interrupt or redirect its over-all program automati- 
cally in order to assist or manage them. Such im- 
promptu interchanges of information between the 
system and the devices or people external to it will 
occur at the instigation of either the external world 
or the PILOT, or both acting jointly. 

As a result of a unique logical design the Pilot Data 
Processor should operate more than 100 to 1,000 times 
faster than sEAc and at fully comparable or better 
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speeds than most modern large-scale commercial com- 
puters. The arithmetic speed derives in large part from 
connecting a novel type of parallel adder * to a diode- 
capacitor ° memory capable of providing one random 
access per microsecond. 

The system is built up of eight major blocks: (1) 
The primary computer; (2) the primary storage; 
(3) the secondary computer; (4) the secondary stor- 
age; (5) the input-output control; (6) the external 
storage; (7) the input-output units, such as readers, 
printers, and displays; and (8) the external control 
containing the special features that facilitate commu- 
nication with human operators and with devices ex- 
ternal to the system. 

While the input-output equipment in the initial in- 
stallation has been kept to a minimum, provision has 
been made in the system for future annexation of a 
wide range of additional equipment to meet special re- 
quirements in solving certain problems. It will be 
feasible to annex such equipment without making sig- 
nificant changes in the existing system, primarily be- 
cause of the flexibility of the format controller. This 
device is designed to accept input-output information 
from a number of different media and in a wide variety 
of information formats. 


* Organizing a network of computers to meet dead- 
lines, by A. L. Leiner, W. A. Notz, J. L. Smith, and 
A, Weinberger, Proc. Eastern Joint Computer Conf., 
Washington, D.C., December 1957. 

*SEAC, the National Bureau of Standards Eastern 
Automatic Computer, NBS Tech. News Bul. 34, 121 
(September 1950) . 

*DYSEAC—The new NBS electronic computer, NBS 
Tech. News Bul. 38, 134 (September 1954). 

“A high-speed parallel adder, NBS Tech. News Bul. 
40, 77 (June 1956); see also A high-speed multiplier 
for electronic computers, NBS Tech. News. Bul. 42, 58 
(April 1958) . 

° A diode-capacitor memory for high-speed electronic 
computers, VBS Tech. News Bul. 37, 171 (November 
1953). 
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Glass Dewars tor Trapped Radical Studies 


HE USE of glass Dewar vessels for spectroscopic 

studies of free radicals trapped at low temperatures 
has been investigated by the Bureau as part of a study 
of the preparation and properties of trapped radicals 
for the Department of the Army. Although metal 
Dewars have been used for this type of experiment, few 
glass containers have previously been considered. In 
view of the many special problems involved in captur- 
ing and storing these highly reactive species at low 
temperatures as well as problems in observing and 
studying the radicals, L. J. Schoen, L. E. Kuentzel,’ 
and H. P. Broida have developed special types of im- 
proved glass Dewars. These Dewars are comparatively 
simple to construct, can be easily rotated and disas- 
sembled by means of ground joints, and are adaptable 
for specific applications in free radical work. 

Free radicals—molecular fragments which exist only 
momentarily in flames and hot gases—can be pro- 
duced * in an electric discharge, frozen into immobility, 
and then trapped in solid matrices on a liquid-helium- 
cooled surface. They can also be formed by irradia- 
tion of the cold solids by electrons, gamma rays, or 
ultraviolet light. Freezing the fragments retards 
recombination and facilitates experimentation and 
analyses. Through windows in the Dewars, spectrom- 
eters can be directed at the cold surface and the light 
given off or absorbed by the frozen solids can be 
analyzed. 

Free radicals are being used as tools to investigate 
the nature of chemical reactions. By studying the 
spectra of the radicals, basic information can be ob- 


Left: Diagram of glass 
Dewar used in spectro- 
scopic studies of con- 
densed discharge prod- 
ucts. Note the outer 
liquid-nitrogen and in- 
ner liquid-helium cham- 
bers. Right: Self-con- 
tained with its own 
gages, microwave gener- 
ator, and complete vac- 
uum system, the Dewar 
serves as a portable labo- 
ratory. 


TO GAS 
HANDLING 
SYSTEM 


| “WINDOW 


40 


J) ||_ae WAX SEAL 


tained on the arrangement of atoms and molecules in 
solids, on the forces acting on them, on the motion of 
atoms, and on the reactions between atoms and mole- 
cules. Because of the individual character of each 
reaction, different types of container designs are needed. 

All the Dewars developed at the Bureau for this use 
consist essentially of 4 or 5 concentric glass vessels 
arranged to provide a central liquid-helium chamber 
and an outer liquid-nitrogen chamber, each surrounded 
by a vacuum jacket. The free radicals are introduced 
through the bottom of the vessel to minimize the dis- 
tance to the cold surface and to avoid premature con- 
densation within the Dewar. In previous Dewars with 
several wall thicknesses, viewing or irradiating the 
active samples through the walls proved unsatisfactory 
because of reflection or scattering of the rays. To avoid 
this difficulty, the present Dewars are modified to allow 
light to pass through windows consisting of only one 
thickness of glass or other suitable material. Several 
windows have been inserted into the base of each Dewar. 
By employing different window materials, the Dewars 
can be adapted to use with radiation from the vacuum 
ultraviolet to the infrared. 


Specific Designs 


One type of Dewar was developed to study the spectra 
of microwave discharge products containing nitrogen 
atoms as free radicals. So that unobstructed observa- 
tion of the frozen sample may be obtained, the liquid- 
nitrogen-filled chamber does not surround the liquid- 
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Because the liquid-helium chamber in this Dewar (diagram left) is rotatable, it may be turned to one of the windows 


to receive the sample gases, and then rotated to any of the other windows for spectroscopic studies. 


Right: Scien- 


tist regulates the rate of mixture depositing on the cold disk. 


helium-cooled area at its tip where the free radicals 
are trapped and frozen. Thus a large area of the 
helium surface is exposed to radiation from room-tem- 
perature surroundings. As liquid helium evaporates 
very rapidly, this design limits the time of free radical 
storage. However, it has been found convenient for 
recording and studying the spectra emitted during the 
short warm-up period. 

By placing a copper radiation shield in thermal con- 
tact with the wall of the liquid nitrogen-cooled chamber, 
the storage properties of this type of Dewar are greatly 
enhanced. The copper, being a good conductor, ac- 
quires an even surface temperature close to 77°K (that 
of the liquid nitrogen). This added refrigeration re- 
duces the rate of helium evaporation by approximately 
an order of magnitude. 

Another design incorporates a removable liquid 
helium chamber that can be rotated about a vertical 
axis during experimentation. Several windows— 
through which the spectra of the frozen sample can be 
detected and recorded—are set into the base of the 
Dewar. The rotatable component enables the helium 
tube, including a cesium iodide window mounted at 
the base of the tube, to be turned to any one of the 
window openings in the Dewar to receive the gaseous 
specimen and then to be rotated to any of the other 
windows for spectroscopic study. 
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This model is used in infrared absorption studies of 
the thermal decomposition of hydrocarbons. The 
hot-gas samples are first decomposed in an 800°C 
(1,050°K) furnace. They are then directed through 
a delivery tube to a cesium iodide surface on the bottom 
of the helium tube which is cooled to 4.2°K. Here the 
samples solidify. By then turning the disk with the 
deposited layer of frozen radicals so that it directly 
faces the window on which the spectrometer is focused, 
any obstruction is eliminated and absorption studies 
can be satisfactorily conducted. Because infrared rays 
will not penetrate regular glass windows, the windows 
of the Dewars are made of rock salt (sodium chloride). 

To minimize recombination of the products, the fur- 
nace is brought to within 1 cm of the liquid helium- 
cooled cesium iodide disk. In order to reduce radiation 
from the furnace to the cold surface, the exit end of the 
furnace is capped with a gold shield. 

To minimize heat transfer to the liquid-helium re- 
frigerant, a copper shield is cemented to the bottom of 
the liquid-nitrogen reservoir. This shield completely 
surrounds the tip of the liquid-helium “‘finger” except 
for several openings permitting passage of the con- 
densable vapor and infrared light. To prevent heat 
from entering through these openings, a movable shut- 
ter shield is rotated so as to close any windows not in 
use. In addition, a copper sponge is inserted into the 
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helium tube to a point just above the liquid surface. 
This sponge, cooled by the liquid-helium vapor, serves 
as a cold barrier, preventing direct radiation from 
entering the tube and also acting as a heat exchanger 
to intercept any heat leaking down through the glass 
walls of the tube. In this way, heat leakage is mini- 
mized and the average helium evaporation rate is 
reduced from 22 to 8 cm?/min. 

A third type of Dewar differs considerably from the 
basic structure. This Dewar is spherical rather than 
cylindrical, and has a liquid nitrogen-filled glass radia- 
tion shield, which is more efficient than the metal shield. 
This design has the advantage of compactness, light- 
ness, and minimal surface-to-volume ratio. Because of 
the spherical shape, a smaller proportion of the helium 
‘liquid is exposed to the glass surface, and thus the 
period of free radical storage is increased. This model 
is being used for photochemical and_ spectroscopic 
studies of the luminescence initiated by photolysis or 
electron bombardment after deposition of the solid. 

The effect of silvering the inner glass walls was evalu- 
ated for this design. With the silvered walls, the rate 
of liquid-helium evaporation was decreased from 1.8 
to 1.2 cm’/min. 

In general, the major sources responsible for heat 
leak into Dewars, are radiation across the vacuum space, 


conduction down the neck of the Dewar, and radiation 
through the throat of the vessel. Although these proc- 
esses have been successfully reduced in the present 
designs, additional heat leakage is introduced by the 
windows which facilitate optical studies but which also 
eliminate complete shielding. If it is assumed that 
all radiation entering the inner vacuum space through 
the unprotected openings in the shield comes from a 
black body (perfect radiator) at room temperature 
with area equivalent to the area of the shield openings, 
and that this radiation is completely absorbed in the 
helium chamber, the calculated rate of over-all evapora- 
tion is approximately 1 cm*/min-cm? open area. This 
rate is close to the observed value for the Dewars, show- 
ing that the major source of heat leakage is the optical 
arrangement. However, in most instances, this small 
heat leak does not present a serious problem. 


*For further technical information, see Glass Dewars 
for optical studies at low temperatures, L. Schoen, L. E. 
Kuentzel, and H. P. Broida, Rev. Sci. Instr. 29, 633 
(1958) . 

° Guest scientist, present address: Wyandotte Chemical 
Co., Wyandotte, Mich. 

* Low-temperature storage of free radicals, NBS Tech. 
News Bul. 40, 112 (1956); also, Trapped Radicals, 
H. P. Broida, Endeavour 17, 208 (1958). 


High-Resolution Infrared Grating Spectrometer 


Na IMPROVED grating spectrometer capable of 
extremely high resolution in the infrared has been 
designed and constructed by the Bureau.t. This spec- 
trometer, which can be used as a single-pass or double- 
pass instrument, employs a special drive mechanism 
which allows it to scan either quickly or slowly small 
portions of a rotational-vibrational band. In this way 
not only are the rotational lines resolved but at slow 
speeds the fine-structure splitting of individual lines 
can be detected. 

The high resolution allowed by this spectrometer 
provides a means for investigating larger molecules in 
the infrared and for determining molecular constants. 
Its results can be used to study infrared radiation from 
certain fuels and gases in which the military services 
have indicated interest and to supply data required by 
research and industry on the size and structure of 
molecules. The spectrometer has also proved success- 
ful in separating the components of overlapping bands, 
such as those of atmospheric water vapor and am- 
monia, making the classification of spectra more 
accurate. 

The basis for high resolution is provided by im- 
proved detectors and gratings used in conjunction 
with special optical systems for double passing the 
radiation to the grating. Developed by Earle K. 
Plyler and L. R. Blaine of the radiometry laboratory, 
the instrument gives total resolution of 0.05 em and 
partial resolution of 0.025 cm~ in the region of 3 to 
6 »—three times better than that available with the 
Bureau’s previous instrument. 

In general, the spectrometer arrangement follows the 
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accepted pattern for the measurement of an absorption 
spectrum. The substance whose spectrum is to be 
determined is contained in an absorption cell through 
which radiation is passed before entering one of the 
optical systems described below. An arc source pro- 
vides continuous radiant energy, which in this par- 
ticular instrument is filtered to eliminate any radia- 
tion from higher-order spectra. About 90 percent of 
the initial radiant energy is transmitted by the filters 
and sent through the absorption cell, which is a cylin- 
der 1 m long, but, through the use of mirrors, provides 
an effective path length of 6m. The transmitted radia- 
tion enters the spectrometer where the radiation is 
resolved into a spectrum. The radiation, which is 
modulated at 90 cps, is detected by a photodetecting 
cell, and, after amplification, is recorded on a chart. 

Two optical systems have been used with equal 
success for double passing the grating. In one, the 
radiation, having passed through a slit, is rendered 
parallel by a paraboloidal mirror. The parallel beam 
is then reflected from the grating and intercepted by 
an optical flat which reflects it back to the grating. 
The beam returns to the mirror almost along its origi- 
nal path and is reflected through a second slit to the 
detector. The resulting spectrum partially overlaps 
the spectrum produced by the beam which has been 
reflected only once from the grating. Dispersions are 
almost identical and the wavelengths so close they can- 
not be separated by transmission filters. The two 
images on the exit slit are, therefore, arranged so that 
one image lies slightly above the other. This allows 
the instrument to be made double pass only, by screen- 
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Right: Grating spectrometer capable 
of very high resolution in the in- 
frared region from 3 to 6 wu. The 
resolving of rotational and _fine- 
structure lines has provided data for 
the calculation of previously un- 
determined molecular parameters. 
Below: One of the two optical sys- 
tems used for double-passing radia- 
tion to the grating. Radiation from 
an absorption cell (source) contain- 
ing the gas whose spectrum is to be 
determined is focused by lens L and 
enters the system through slit S,. 
The beam is made parallel by the 
paraboloidal mirror M, and reflected 
to the grating G. From G it travels 
to optical] flat M2, is reflected back 
to G, and returned to M,. It is then 
reflected to optical flat M;, from M; 
through slit S. to optical flat Mu, and 
from M; to the detector system D 
and ellipsoidal mirror M;. 
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ing part of the exit slit. If an instrument that is single 
pass only is desired, the optical flat is screened so that 
no second reflection to the grating is possible. 

The second optical system for double passing con- 
sists of two small plane mirrors placed behind the 
entrance slit to send energy back to the grating a 
second time. Here the dispersion resulting from 
double and single passing are practically identical. 
Spectra are distinguishable from one another as the 
single-pass image is curved while the double-pass 
image is approximately straight. The spectra of the 
two systems are separated by chopping either the 
single-beam or the double-beam radiation. The detec- 
tion system, which is a narrow band pass filter, allows 
only the 90-cycle chopped pulses to be amplified. 

To assure accuracy in the measurement of absorption 
lines, the calibrated fringe system of a Fabry-Perot in- 
terferometer is simultaneously recorded on the same 
chart by one pen of a two-pen recorder. ‘These cali- 
brated fringes allow the position of absorption lines to 
be very precisely determined; wavelengths can thus be 
measured to | part in 500,000.” 

Scanning portions of the spectrum is accomplished 
by rotating the grating. To obtain highest resolution, 
slow rotation speeds are required. For example, in 
the region of 3,020 cm™ (3.3 ») scanning of one wave- 
number in 30 min provides the best resolution. To 
survey larger regions, scanning is done more quickly, 
requiring a versatile drive system. The arrangement 
of gears allows the grating mount to be rotated at 32 
speeds varying from 800 to 2.5 min/deg of rotation. 
In checking the uniformity of rotation it was found 
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Part of the rotation-vibration band of methane scanned 
at two speeds by the high-resolution spectrometer. 
Rotating the grating at 10 min per wavenumber (lower 
spectrum) partially resolves the line at 0.025 em™* which 
appears almost single at a scanning speed of 314 min 
per wavenumber. 


that irregularities in the drive introduce errors less 


than 0.006 cm7. 


*Infrared high resolution grating spectrometer, by 
Earle K. Plyler and L. R. Blaine, J. Research NBS 62, 
7(1959) RP2922. 

* Precise measurement of wavelengths in infrared 
spectra, by Earle K. Plyler, L. R. Blaine, and E. D. Tid- 
well, J. Research NBS 55, 279 (November 1955) 
RP 2630. 
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